Mechanisms for regulating electron transfer in multi-centre redox proteins.
Protein-mediated electron transfer is a key process in nature. Many of the proteins involved in such electron transfers are complex and contain a number of redox-active cofactors. The very complexity of these multi-centre redox proteins has made it difficult to fully understand the various electron transfer events they catalyse. This is sometimes because the electron transfer steps themselves are gated or coupled to other processes such as proton transfer. However, with the molecular structures of many of these proteins now available it is possible to probe these electron transfer reactions at the molecular level. It is becoming apparent that many of these multi-centre redox proteins have rather subtle and elegant ways for regulating electron transfer. The purpose of this article is to illustrate how nature has used different approaches to control electron transfer in a number of different systems. Illustrative examples include: thermodynamic control of electron transfer in flavocytochromes b(2) and P450 BM3; a novel control mechanism involving calmodulin-binding-dependent electron transfer in neuronal nitric oxide synthase; the probable gating of electron transfer by ATP hydrolysis in nitrogenase; conformational gating of electron transfer in cytochrome cd(1); the regulation of electron transfer by protein dynamics in the cytochrome bc(1) complex; and finally the coupling of electron transfer to proton transfer in cytochrome c oxidase.